The 'weekend effect' method (defined here as the average for Saturday through Monday minus the average for Wednesday through Friday) has been used to identify fingerprints of anthropogenic emissions. Based on daily maximum and minimum temperature series from the China Meteorological Administration homogenized dataset, the weekend effect in diurnal temperature range (DTR) at 71 stations with elevations above 2000 m asl in the eastern and central Tibetan Plateau (TP) during 1961-2004 is examined, and principal component analysis (PCA) is performed to cluster series into four subregions with similar weekend effect variability. The DTR demonstrates a much stronger negative weekend effect in autumn and shows larger positive values in winter, which provides a strong evidence of anthropogenic activity in this region, especially in the central TP. Analysis by topographic type and degree of urbanization shows a clear weekly cycle which cannot be explained by a microclimate effect. We hypothesize that the interaction with anthropogenic aerosols from local emissions and transported by atmospheric circulation may account for the weekly cycle in the TP. More caution should be paid to the driving mechanism of the weekend effect in the most remote and clear regions in the world.
Introduction
Weekly climate cycles have become a growing concern during the last decade, since the existence of a 7 day cycle is a strong indication of human influence on the climate. A heat signal 7 Author to whom any correspondence should be addressed. from human-induced activities yielding warmer weekdays than weekends in the Northern Hemisphere is quite remarkable (Gordon 1994 , Lenschow 1994 . Also, other authors have previously detected significant weekly periodicities in different climate variability that can hardly be related to local effects or emissions, e.g. in Germany (Bäumer and Vogel 2007) , Eastern China (Gong et al 2007) , Korea (Choi et al 2008) , the NW Atlantic region (Cerveny and Balling 1998) , and Europe (Sanchez-Lorenzo et al 2008, Laux and Kunstmann 2008) . There is also a weekly cycle in the daily carbon dioxide concentration at Mauna Loa, Hawaii which is not evident at the South Pole, Antarctica (Cerveny and Coakley 2002) . The surface temperature of NCEP-NCAR reanalysis for the North Atlantic area also has a weekly cycle (Tesouro et al 2005) . Murphy et al (2008) found pronounced weekly patterns in aerosol concentration in the United States, and Bell et al (2008) found weekly cycles of precipitation using satellite and rain-gauge data, whereas Schultz et al (2007) did not detect such cycles, probably because the latter authors used a different period, as suggested by Bell and Rosenfeld (2008) . However, a weekly cycle in daily precipitation intensity or frequency has not been detected along the northeast region of the United States (DeLisi et al 2001) . Since there is evidence of periodicities that are not determined only by local sources, and there is no known natural mechanism that creates weekly cycles, a possible interaction between anthropogenic aerosols and atmospheric dynamics on a local and/or larger scale has been suggested in order to explain the horizontal and vertical extent of the cycles detected (Bäumer and Vogel 2007 , Gong et al 2007 , Sanchez-Lorenzo et al 2008 , Laux and Kunstmann 2008 .
Diurnal temperature range (DTR, defined here as the difference between daily maximum and minimum temperature) is an important indicator in climate research (e.g. Forster and Solomon 2003) which can be used to understand more about anthropogenic activity. Reductions in DTR during the last century are large, and unlikely to be due to natural variability alone (Braganza et al 2004) . Forster and Solomon (2003) found evidence of a weekend effect in DTR, which they defined as the average DTR for Saturday through Monday minus the average DTR for Wednesday to Friday, and suggested it as an indicator to elucidate the links between human activities and their influence on climate variables. Similarly, Gong et al (2006) also detected a weekend effect in DTR in eastern China, not including the Tibetan Plateau (TP), and found opposite signals between winter and summer.
The TP with an average elevation of more than 4000 m asl is the highest and most extensive plateau in the world. It therefore exerts profound thermal and dynamical influences, not only on the local weather and climate, but also on the atmospheric circulation of the northern hemisphere (Yeh and Gao 1979) . In this paper, we analyzed the possibility of a weekend effect in DTR in the eastern and central TP, to investigate whether weekend effect signals related to human activities exist in this region.
Data and regionalization
The homogenized datasets including daily maximum and minimum temperature series were provided by the National Climate Center, China Meteorological Administration (CMA (Li et al 2004) . The significant temporal inhomogeneities were eliminated and homogeneous surface air temperature datasets created.
We selected the 71 stations from the datasets according to the station selection procedures as described in our recent papers (You et al 2008a (You et al , 2008b . Most of the stations are distributed in the eastern and central TP and were set up in the 1950s. In order to obtain comparable time series we selected data during the period 1961-2004 for further analysis, with 16 071 days (corresponding to 2296 weeks). We then calculated the weekend effect in DTR for each station according to the method described in Forster and Solomon (2003) . We also calculated the mean DTR by day of the week for each station and obtained the annual and seasonal mean DTR for the whole region (figure 1).
To investigate the spatial patterns of the weekend effect in DTR, we firstly performed principal component analysis (PCA) to cluster series into subregions with similar variability (von Storch 1995) . The results show that nine empirical orthogonal functions (EOF) account for more variance than the original variables and explain more than 78% of the total variance of the datasets (table 1) . Then we selected the first four EOF, which have eigenvalues greater than 3. In order to reach a simple structure and obtain stable and physically meaningful patterns, the selected EOFs were rotated by means of a VARIMAX rotation (von Storch and Zwiers, 2003) . The following four subregions and their boundaries are identified (figure 2): (1) the north (N, EOF1) mostly controlled by the westerly winds; (2) the central (C, EOF2), interaction between the westerly and the Indian monsoon; (3) the southwest (SW, EOF3), influenced by the Indian monsoon; and (4) the southeast (SE, EOF4), within the influence of the east Asian monsoon.
Results
Annual and seasonal mean DTR anomalies in the eastern and central TP during 1961 TP during -2004 are shown in figure 1 by day of the week, revealing a distinct weekly cycle in most cases. Most of the maximum or minimum anomalies are centered on Wednesday or Thursday and the opposite anomalies between Saturday and Monday. The annual mean DTR anomaly increases in the first half of the week, with a minimum on Monday and a maximum on Wednesday, and the anomalies by day of the week are smaller than those on the seasonal basis which is counteracted by the opposite signals between autumn/summer and winter/spring. The spring mean DTR anomaly increases in the first half of the week with a minimum on Monday and a maximum on Friday (with a difference of 0.22
• C). The summer mean DTR anomaly shows a clear dependency on the weekday, the values during the first half of the week are substantially greater than those in the second half of the week, with a minimum on Sunday and a maximum on Tuesday (with a difference of 0.12
• C). The autumn mean DTR anomaly also shows a clear weekly cycle, with a minimum on Tuesday and a maximum on Thursday (with a difference of 
0.15
• C). A clear weekly cycle also occurs in the winter mean DTR anomaly, with a minimum on Thursday and a maximum on Saturday (with a difference of 0.26
• C.
To investigate whether (a) topography and/or (b) the degree of urbanization influence the weekly cycle in our datasets, stations were classified for both parameters (You et al 2008b) . We then calculated the mean DTR of each classification by day of the week. Each of the 71 stations was classified into three topographic types: summit, flat and valley, according to a topographical index derived from GTOPO30 digital elevation data (available from http://eros.usgs.gov). We calculated a topographical index by overlaying a grid centered on each station and calculated the elevation difference between the station and the eight surrounding cells (You et al 2008b) . The sum of these elevation differences corresponds to our topographic index. In addition stations were classified as urban (>50 000 population) or rural (<50 000 population) (You et al 2008b) . Table 2 shows the deviation of averaged DTR of stations in differing topographical and urban/rural classes on different weekdays. It reveals that the maximum or minimum anomalies are centered on Wednesday or Thursday and the opposite anomalies between Saturday and Monday for each classification, which is in accordance with figure 1. As for the summit station, the differences between extreme maximum Forster and Solomon (2003) , in which they defined the weekend effect as the average DTR for Saturday through Monday minus the average DTR for Wednesday through Friday. The annual mean weekend effect is −0.04 • C, which is smaller than that found in the United States and eastern China (Forster and Solomon 2003, Gong et al 2006) . There are 51 stations with a negative weekend effect. The most significant signals appear in subregions N and SW, where the mean weekend effect is −0.07 and −0.05
• C, respectively, in line with the larger magnitudes of the temperature increase exhibited here (You et al 2008a) . As for the seasonal basis, there is a more significant negative weekend effect in autumn and summer, and there are 68 stations in autumn and 50 stations in summer exhibiting negative values. Subregions C and N have larger negative magnitudes, which can be as much as −0.29
• C and −0.10 • C, respectively (table 3) . A positive weekend effect dominates in winter with 55 stations having positive values. Subregion C also has larger magnitudes with a mean weekend effect of 0.25
• C. About half of the stations have a positive weekend effect in spring (table 3) . We subdivided the studied period in two sections before and after 1982, and calculated the weekend effect during 1961-1982 and 1983-2004 (table 4) , which have the similar weekend effect characteristics for the period of 1961-2004 in most cases. From the analysis above, there are opposite weekend effect signals between autumn/summer and winter/spring. We perform a One-Way ANOVA procedure in the SPSS statistics software to test whether the means of the annual and seasonal weekend effect are significantly different. The block bootstrapping test is also an alternative way to detect weekly weather cycles (Laux and Kunstmann 2008) . The ANOVA tests indicate that there are significant differences between mean weekend effects in DTR (α < 0.0001) on an annual and seasonal basis. Bonferroni post hoc tests are performed to check which means differ, and the multiple comparisons of Bonferroni tests show that weekend effects in DTR in Table 4 . Annual and seasonal mean values of the weekend effect in DTR for the four subregions and the whole eastern and central TP (represented by R) during 1961-1982 and 1983-2004 . Other notation is the same as table 3. 1961-1982 1983- autumn and winter are significantly different from those on an annual, spring, or summer basis, and the results confirm with a significant difference (α < 0.0001) that the weekend effect DTR in autumn and winter does not behave exactly in the same way. In order to remove the effect of auto-correlation from the data and test whether the weekend effect is possibly simply a random chance, randomizing the order of the days of the week is employed to simulate the weekend effect by locality (not shown). Results show that it is impossible that variability of a random phase on an annual and seasonal basis could generate the patterns in figure 2. These results suggested that the weekend effect in DTR in the eastern and central TP can hardly be reproduced by chance, which is in accordance with previous studies (Forster and Solomon 2003 , Gong et al 2006 . More details on these methods are available from von Storch and Zwiers (2003) . Therefore, the results show the magnitude of the weekend effect varies across seasonal and spatial distributions; the opposite relationship concerning the weekend effect between autumn and winter is the most significant; the weekend effect in autumn contributes mostly to the annual scale; and subregion C is the most sensitive region.
Discussions and conclusions
There exists a weekend effect in DTR in different regions of the world, such as Canada, Mexico, eastern China and Japan, and aerosol-cloud interactions are the most likely cause (Forster and Solomon 2003) . In Germany, significant weekly periodicities are identified, and the interaction of a weekly aerosol cycles, supported by the existence of a significant weekly cycle in the aerosol optical thickness over the country and adjacent areas , and the dynamics of the atmosphere could possibly help to explain such phenomena (Bäumer and Vogel 2007, Laux and Kunstmann 2008) . In Spain, the weekly cycles in winter may be related to changes in the atmospheric circulation over Western Europe, which may be due to some indirect effect of anthropogenic aerosols (Sanchez-Lorenzo et al 2008) . Our study finds that there are clear weekly cycles in DTR in the TP. For the summit, flat and valley stations, weekly cycles in DTR are identified. There are also apparent weekly cycles at urban and rural stations, which is in agreement with Forster and Solomon (2003) . It suggests that the weekend effect in DTR in the TP cannot be explained completely by microclimate effects, and seems not solely a local phenomenon, although it could be local in origin from the interaction between aerosols and meteorological variables, while uncertainties still exist (Bäumer 2008 , Bäumer and Vogel 2007 , Forster and Solomon 2003 , Gong et al 2006 , Sanchez-Lorenzo et al 2008 . There is also an opposite signal weekend effect between autumn/summer (negative) and winter/spring (positive) in the TP, which is possibly caused by different atmospheric circulation patterns and by the direct and indirect effects of aerosols on radiation, cloud, precipitation, and so on (Gong et al 2006 , Sanchez-Lorenzo et al 2008 . This has led to a rapid increase in the emissions of aerosols, although the speed of development is slower than that in eastern China. The weekend effect in DTR in this region reflects that local or adjacent aerosol emissions maybe have influenced climate variables in the TP, and a further study should provide an insight into the process of aerosol interactions. The weekend effect in DTR of subregion C (mostly in the western Sichuan Basin) is more significant than other subregions, showing that anthropogenic aerosols are more significant. This is consistent with the result from Qian and Giorgi (2000) , which suggested that increasing aerosol amounts and the extinction coefficient result in negative radiative forcing and surface cooling in the Sichuan Basin.
Black carbon (one of the anthropogenic atmospheric aerosols) absorbs sunlight, heats the air, and contributes to global warming; it can influence regional atmospheric stability and vertical motions, and thereby affect the large-scale circulation (Menon et al 2002) . We speculate that atmospheric aerosols in South Asia could be transported to the southern TP and contribute to the weekend effect in DTR through the influence of the Indian summer monsoon. Investigating the elemental composition of atmospheric aerosols indicated that anthropogenic pollutants from South Asia could be transported by the Indian monsoon to the southern TP in summer (Li et al 2007) . Although the TP is one of the most remote and atmospherically clear regions in the world, and regarded as only marginally influenced by anthropogenic activities, our study finds a clear weekend effect in DTR in the eastern and central TP, which is probably linked to anthropogenic emissions. We also hypothesize that the weekend effect in DTR in the southern TP is influenced by transported aerosols from South Asia, which is a very populous and rapidly industrializing region. The influence of anthropogenic aerosols from both local emissions and more remote Southeast Asia should be regarded as an important factor when discussing climate change in the TP. It will be the focus of our ongoing research to quantify these effects and further our hypothesis.
